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ABSTRACT
Push-ups are widely used in public school physical education classes, and by military and
law enforcement organizations to test upper body muscular fitness. The majority of the test
protocols do not specify a hand position. Some research has demonstrated that hand positioning
has a significant effect of on electromyographic activity of the working muscles, ground reaction
forces and elbow joint loads during single or sub-maximal push-ups. However there are no
scientific studies on how a change of hand positions would affect performance in a maximal
push-up test to volitional exhaustion. This study examined performance in a maximal push-up
test in each of four different hand positions: self-selected, wide, shoulder width and narrow.
After the characteristics of the individual self-selected positions were determined and recorded,
36 subjects (15 females and 21 males) performed push-up trials in each of the four randomly
selected positions on four non-consecutive days. The maximum number of correct push-ups was
recorded and statistically analyzed. Female subjects were able to perform significantly more
push-ups in the wide position than in the narrow or shoulder width position (P < 0.05). Male
subjects performed significantly more push-ups in the wide position than in the self-selected, the
shoulder width or the narrow position (P < 0.01). The results of this study suggest that hand
positioning can significantly affect the results of a push-up test and therefore should be
controlled in such testing.
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INTRODUCTION

The push-up is a familiar exercise that is performed in virtually all organized group
exercise programs. It is the mainstay upper body exercise for most military and law enforcement
physical fitness programs. Push-ups are performed in a prone position, using only the hands and
toes to support the body weight. While in this position, the individual pushes off the floor with
the hands to lift their body in the ascending phase, while maintaining a straight body position
with the shoulders, hips, and feet in line. Once full elbow extension is reached, the individual
then slowly lowers their body to the floor in the descending phase. The specific components of
the movement consists of flexion and extension of elbow with the primary agonists being the
triceps brachii, and horizontal abduction and horizontal adduction of the shoulder with the
primary movers being the pectoralis major and the anterior deltoids (Thompson & Floyd, 2004).
When performing a push-up, the horizontal adductors and the elbow extensors are active
throughout both the ascending and descending phases of the push-up. During the ascending
phase, these muscles must work against gravity and concentrically contract to produce elbow
extension and horizontal adduction of the shoulder. During the descending phase, gravity works
in the same direction as the movement. Because gravity applies a flexor torque on the elbow and
a horizontal abductor torque on the shoulder, the muscle torques must be applied in the opposite
directions. Therefore the elbow extensors and shoulder horizontal adductors must eccentrically
contract in order to produce a controlled lowering of the body during the descending phase. The
remainder of the body is held rigid, with the head in a neutral position and with the hips and
knees extended and the core musculature acting as stabilizers to maintain a straight line from
head to feet.
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One component of all military physical fitness testing, and nearly all law enforcement
physical fitness testing is performance in a maximum push-up test. Push-ups are chosen in
physical fitness training and testing as a reliable and cost and time efficient method of assessing
upper body strength (Gaines, Falkenberg & Gambino, 1993). They are an alternative to the more
cumbersome one repetition maximum bench press test or other methods of strength assessment
that require equipment (i.e. isokinetic and isometric testing). Both push-ups and the bench press
have the same primary movers, the pectoralis major, the anterior deltoids and the triceps brachii
muscles, and the movement is at the same joints, the shoulder joint and the elbow joints.
Furthermore, studies have shown that there is a correlation between push-up performance and
bench press performance, particularly when adjusted for body weight (Dean, Foster, &
Thompson, 1987; Mayhew, Ball, Arnold & Bowen, 1991). These studies indicated that as pushups use the same muscles and similar movements to the bench press, push-up performance can
be used to accurately predict bench press performance.

Typically, push-ups are performed in a prone position with the hands placed
approximately shoulder width apart and at chest level. It is a commonly held belief that varying
the hand position will change the level of activation of the primary movers. Lay publications
and internet sites advise individuals that adopting a wider than shoulder width hand position will
better activate the fibers of the pectoral muscles and conversely a narrower position will better
activate the triceps brachii (Cogley et al., 2005). One example of this belief is demonstrated in a
recent article in a popular body building magazine which states that a narrower than shoulder
width position is believed to cause a higher activation in the triceps brachii than in the pectorals
(Sadler, 2005). These beliefs are not necessarily supported by the scientific research and tend to
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be based on the popular fitness publications and gym enthusiasts’ beliefs. Despite the popularity
of the push-up and the prevalence of the belief that varying hand position will result in different
training affects due to variance in muscular activation, there has been little research done on the
effects of the variations of hand position and/or the effect of hand position on performance in a
maximum push-up test. A literature review of the relevant sources revealed few studies that
examined the effect of hand positioning on variables such as ground reaction forces, muscular
activity and joint torque during a single push-up. However no studies were found that examined
how changing hand positions might affect performance in a maximum push-up test.

The purpose of this study was to expand on the previous research and record maximum
performance during push-up exercises performed by male and female adults using a self-selected
hand position and three controlled hand positions, and to investigate the differences between
performances among the positions. This study addressed the issue of the effect of hand
positioning on push-up performance in a test to volitional exhaustion that had not been
previously documented in the scientific literature. Differences in performance among the
positions may indicate there may be an optimal position and would indicate that push-up testing
should have standardized hand positions. If, in fact, hand position does affect the results of a
push-up test, standardizing hand positions could strengthen both the reliability and the
defensibility of a standardized push-up test. If hand positioning affects the results of a push-up
test, then standardizing hand positioning would be important in a situation where an individual’s
performance is compared against norms, job standards or the performance of other individuals.
If the hand positions are not standardized it may be difficult to defend the test if challenged in a
court of law.
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If there is no significant differences in performance among the hand position then this
would indicate that hand-positioning has little affect on performance and a self selected hand
position may be appropriate. It is hypothesized that there will be significant differences in pushup performances between the varied hand positions.

Application of Push-ups

Law enforcement agencies and military units typically use military style physical fitness
training consisting of calisthenics and formation running to train police recruits, soldiers and
sailors to meet the demands of the profession. The military and most major law enforcement
agencies also require applicants and incumbents to pass some form of physical fitness test prior
to hiring and again prior to graduating from a service academy or to continue service in the
respective organization (Bonneau & Brown, 1995; Gaines, Falkenberg, & Gambino, 1993 ).
Though there is some minor variance, most organizations use a standardized physical fitness test
consisting of a vertical leap, a 300 meter sprint, a bench press and/or push-up test, a sit up test,
and a 1.5 or 2 mile run (Anderson, Plecas, & Segger, 2001; Hoffman & Collingwood, 2005).
Despite the fact that failing a fitness test may result in loss of position within these organizations,
there appears to be much confusion over the development and use of physical tests, norms and
standards in these agencies. These terms have been misunderstood and the many legal issues
have often been misinterpreted. Fitness tests and test scores used as standards without proper
validation have been misapplied (Lonsway, 2003). There is also some controversy over whether
job task simulation or fitness tests should be used (Hoffman & Collingwood, 2005).
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Hand-position is not standardized in either military or law enforcement push-up testing.
Many organizations allow a self-selected hand position. For example the instructions for
administering the push-up portion of the Army Physical Fitness Test (AMPFT) are to be read
verbatim by the test administrator. In regards to hand position they state, “…assume the frontleaning rest position by placing your hands where they are comfortable for you.” (Department of
the Army, 1992, p. 14-11). Other test instructions are vague at best. The U.S. Air Force
instructions regarding hand positioning for push-ups are also to be read verbatim. They state,
“Your hands will be placed on the floor, slightly wider than shoulder width apart, with your
fingers pointing forward.” (Department of the Air Force, 2005, p. 53). The Federal Bureau of
Investigation (FBI) push-up test protocol states “…hands on the floor one to two hand widths
beyond the shoulders and elbows must be away from the body.” (FBI, 2008, ¶ 4).

Studies on Push-up Hand Positions

There is a scarcity of scientific information or research on the push-up. However a
literature search revealed some studies on the effect of changing hand position on joint loads,
muscle activity, ground reaction forces, and during variations of the push-up. Though none of
these studies examined how changing hand-positions would affect performance in a maximum
push-up test, the findings did indicate that changing hand position does affect muscular activity,
ground reaction forces and elbow joint loads in the performance of a single push-up.
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Donkers, Kai-Man, Chao and Morrey (1993) examined how hand position affects elbow
joint load during push-up exercises. They had nine college aged male subjects complete seven
sets of push-ups in six different hand positions and measured the axial force of the elbow, and
the flexion-extension moment and valgus varus moment at the elbow using a force plate and a
3Space® Tracker SystemTM (Polemus, Colchester, VT). The hand position variants were:
‘normal’ where the hands were placed directly under the shoulder joint; ‘hands apart’ where the
hand distance was increased by 50% of the shoulder width; ‘hands together’ where the hand
distance was decreased by 50% of the shoulder width; ‘hands inferior’, where the hands were
placed 15 cm caudad (toward the feet) in direction from normal and ‘hands superior’ where the
hands were placed 15 cm cephalad (toward the head) from the ‘normal’ position. The
researchers found that hand position had a statistically significant effect on the axial force on the
elbow joint. The maximum axial force (represented as percent of body weight) was less when
hands were placed ‘apart’ compared to ‘normal’ (42.7% compared to 45.2%, p = 0.027) and the
maximum axial force in the ‘together’ position was slightly greater than ‘normal’ (46.0%
compared to 45.2%, p = 0.41). Mean maximum flexion moment was significantly less (p =
0.0001) in the ‘apart” position (1210.7 N/cm) than in the ‘normal’ position (2305.9 N/cm). The
mean maximum flexion moment was significantly greater (p = 0.0032) in the ‘together’ position
(2612.0 N/cm) than in the ‘normal’ position. All other differences were not significant. The
authors concluded that the load and peak torque on the elbow joint was dependant on hand
position and can be significantly decreased by adopting a hand position that is 50% wider than
shoulder width. (Donkers et al., 1993).
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Cogley et al. (2005), studied electromyographic (EMG) activity in the pectoralis major
and the triceps brachii measured during a maximum voluntary isometric contraction (MVIC) and
during the concentric phase of a single push-up performed in each of three conditions. The
subjects in the study were 11 males and 29 females ranging in age from 22 to 29 years. The
three push-up conditions were shoulder width (SW), narrow base (NB) and wide base (WB).
The SW hand position was determined by aligning the middle finger of the hand with the distal
edge of the deltoid. In the NB position the subjects placed their hands under the center of the
sternum with their forefingers and thumbs forming a diamond shape. The WB position was
determined by moving the hands 20 cm laterally from the SW position. All push-ups were
performed with the forearms pronated, the wrists and fingers extended and the palms in contact
with the floor. The results showed no significant differences in EMG activity between the males
(n = 11) and the females (n = 29). There were significant differences across the sexes for the
WB and NB conditions. EMG activity was significantly greater in both muscles in the NB
condition than in the WB (mean difference = 10.4% MVIC, p = 0.026). There were no
significant difference between the SW and WB or the SW and NB. The authors concluded the
NB form of push-up was a more effective upper extremity strength building exercise than either
the SB or WB. As the WB position produced slightly less muscle activity than either the SB or
NB, it would indicate this position may be biomechanically more effective than the other two
and perhaps optimum for performing the maximum number of push-ups in a single session.
(Cogley et al., 2005)

Gouvali and Boudolos (2005) recorded both ground reaction forces and EMG activity in
the pectoralis major and triceps brachii during push-ups in six variations to study differences
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during variants of push-ups. Exercise variations (EV) were: normal (N) push-ups (hands at
shoulder width), abducted (AB) push-ups (hands at 150% of shoulder width), adducted (AD)
push-ups (hands at 50% of shoulder width), anterior (A) push-ups (hands 30% of arm length
anterior to N), posterior (P) push-ups (hands 30% arm length posterior to N), and modified (M)
push-ups (knees on the floor). Eight male subjects age 20.5 ± 0.4 years performed randomly
ordered trials of five repetitions of each variation. Significant differences (p < 0.05) existed for
muscular activity and most vertical force variables, except anterioposterior force, with varied
positions. Initial load relative to body weight was 66.4% during regular push-ups, while only
52.9% for M. Consequently, muscle activity was less during the modified position for both
muscles. The results of this study indicated in the posterior position, pectoralis major was
activated higher than normal and triceps were activated lower than normal, and that the wider
than shoulder width hand position produced lower GRF and less muscular activity than the other
positions. (Gouvali & Boudolos 2005).

Results of the Gouvali and Boudolos (2005) study, along with the information from the
Donkers et al (1993) and Cogley et al. (2005) studies, suggest that placing the hands wider than
shoulder width (approximately 150% of the intra-acromial distance) and in line with the shoulder
may be an optimum efficient hand position for push-up performance. As there is reduced
muscular activity in a wide as compared to a narrow hand position during a single push-up
(Cogley et al., 2005; Gouvali & Boudolos, 2005), it is a logical hypothesis that the wide position
would result in less fatigue at the working muscles than a narrow position during maximal pushup performance. The lower ground reaction forces in the wide position compared to a narrow
position indicate less muscular force is being generated during a single push-up (Gouvali &
8

Boudlols, 2005). This would also indicate that a wide position may be more efficient than a
narrower position and may result in improved performance during a push-up test to exhaustion.
A reduced elbow joint load was found during wider push-up hand positions as compared to
narrow positions (Donkers et al., 1993). The lower forces in the wide position may translate to
reduced perceived exertion or less discomfort than in a narrow position and might strengthen the
hypothesis that a wide position rather than narrow, is optimum for a maximum push-up test.

Correlation between Bench Press and Push-Ups

As there is a scarcity of research on push-ups, research studies on the bench press were
reviewed. The bench press and the push-up are similar movements utilizing the same muscles,
(the pectorals, the deltoids and the triceps brachii) and the movement occurs at the same joints,
(the elbow and the glenohumeral joints). If a correlation between bench press performance and
push-up performance exists, a review of the studies of hand positioning and bench press
performance may shed some insight into the effect of hand positioning on push-up performance.

There are some fundamental differences in the bench press and push-up. During the
bench press, the body is supported on a bench. Fatigue of the musculature of the abdomen, spine
and hip is not a factor for the bench press as much as with the push-up, where these muscles
maintain the body in a straight line throughout the movement (Wilson, Murphy, & Walshe,
1995). Though the correlation between bench press performance and push-up performance is not
absolute, there is a body of research that indicates some level of correlation. A study of the
reliability and validity of push-up testing by Baumgartner, Oh, Chung, and Hales, (2004)
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examined the inter-scorer objectivity and stability reliability for scores from a revised push-up
test protocol to obtain evidence concerning the validity of interpretations based on revised pushup test scores. The authors revised the protocol for the FITNESSGRAM (Cooper Institute for
Aerobics Research, 1992) 90° push-up test which defined the down position as a 90° angle at the
elbow to one defined as lowering the body until the torso from the chest to the knees touches the
floor. This was to address issues reported with inability to determine a down position by various
testers. For the objectivity portion of the study this revised protocol was administered to 49
female and 31 male college-aged students who were in fitness classes. Following one session of
orientation and practice to become familiar with the protocol, the participants executed a
maximum number of push-ups. Each participant’s push-ups were counted by two scorers. For
the validity part of the study, the subjects performed a maximum push-up test using the same
protocol as in the objectivity part of the study. Using a floor scale, the researchers determined
that each subject was lifting approximately 70% of their body weight when performing a pushup. The researchers correlated the results of the push-up test with a maximum repetition bench
press test using 70% of body weight for males and 40% of body weight for females. The reduced
bench press load for females was to adjust for females having less relative strength than males.
The correlation between push-up scores and bench press scores was 0.80 for women and 0.87 for
men. According to the authors, these correlation coefficients provide acceptable criterion-related
validity evidence for the revised push-up test and the values of the validity coefficients were
acceptable. This finding strengthens the argument that push-up performance and bench press
performance are correlated and thus factors that affect bench press performance, such as hand
position, may have similar effects on push-up performance.
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Mayhew, Ball, Arnold and Bowen (1995) tested 106 trained college aged men and
compared their push-up performance with a one repetition maximum (1-RM) bench press. The
subjects’ 1-RM bench press was evaluated using a free weight Olympic bar and plates. One to
two days following the bench press test, the subjects performed a one-minute maximum push-up
test. The subjects were instructed to perform as many push-ups as possible in one minute using
strict form. The hands were placed approximately 0.10 to 0.20 meters outside the shoulder joint.
The subjects lowered a straight body from the up position at full extension of the arms to a low
position defined as the chest touching a partner’s clenched fist which was held on the floor. The
maximum number of correct repetitions performed in one minute was recorded. A correction
factor was utilized to account for variations in height, weight and lean body mass. The
correlation between 1-RM bench press and push-up performance was r = 0.47 (absolute
strength). Push-up performance had a stronger relationship with relative strength (strength ·
kgbw-1) (r = 0.67) than with absolute strength. Correcting push-up performance scores for body
size yielded an enhanced relationship (r = 0.71) with 1-RM bench press. It was concluded that
push-up testing, when corrected for body weight and size could be used as a valid test for upper
body strength. (Mayhew et al., 1995) These findings reinforce the theory that bench press
performance and push-up performance are related and data from bench press studies may
indicate similar results if applied to a push-up.

In their study, Dean, Foster and Thompson (1987) had individuals perform maximum
repetitions of push-ups without a time limit and found a correlation (r = 0.70) between push-up
performance and predicted 1-RM bench press. As Mayhew et al. (1991) imposed a one minute
time limit, the Dean et al. (1987) protocol may have had a greater reliance on muscular
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endurance than did Mayhew et al. (1991). Dean et al. (1987) utilized a Universal Gym machine
for the bench press test whereas Mayhew et al. (1991) used a standard Olympic bar and free
weights. This may have contributed to differences in the findings depending on the training
status of the participants and participants’ previous experience with free weights versus
machines. Though both studies used similar formulas to correct for body height and mass, Dean
et al. (1987) also adjusted for level length from the participant’s toes to the shoulder joint which
would measure the force arm if the push-up is examined as a lever with the axis at the toes and
the applied force at the shoulder. Mayhew et al. (1991) did not utilize this correction factor.
Additionally, Dean et al. (1987) had both males and females in their study and used a criterion of
a minimum push-up performance of 10-repetitions for inclusion. From reviewing the findings of
these studies on the correlation between bench press and push-up performance it appears logical
that findings related to grip width in bench press could be applicable to hand positioning during
push-ups.

Studies on Bench Press Hand Positioning

As there does appear to be a correlation between the bench press and the push-up, it
appears appropriate to review studies on the effect of hand positioning on bench press
performance and apply the findings when developing a hypothesis for the effect of hand position
on push-up performance. The studies on bench press performance appear to confirm that a
slightly wider than shoulder width hand position may be optimum for push-up performance.
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In a study on the effects of variations of the bench press on EMG activity of shoulder
muscles, Barnett, Kippers and Turner (1995) reported that there was significantly less muscular
activity of the clavicular head of the pectoralis and the long head of the triceps brachii with a
wider grip compared to a narrower grip suggesting a wider grip may be more efficient than a
narrower grip. For this study the grip widths were 100% of the intra-acromial distance for the
narrow and 200% of the intra-acromial distance for the wide. In addition to EMG activity, the
researchers also examined bench press performance using wide and narrow grips. The
researchers had six males between the ages of 22-27 years, with a minimum of two years of
weight training experience, perform a 1-RM bench press on a Smith-machine using the wide and
the narrow grip in each of four conditions including declined, horizontal, inclined and vertical
(shoulder press). For each of the conditions, the subjects were able to lift 5% greater weight
using the wide grip than the narrow grip (p < 0.05). For the EMG studies the subjects performed
two trials of single repetitions in each of the conditions using 80% of the measured 1-RM with
self-selected recovery time. Hand position had no significant effect on muscular activity in the
sternocostal head of the pectoralis major and anterior deltoid except in the incline press where
activity was greater (p < 0.05). The effect of hand spacing on the clavicular head of the
pectoralis major was significantly greater activity in the narrow than in the wide position (p <
0.01). Similarly, the narrow grip exhibited significantly greater activity in the long head of the
triceps brachii than in the wide grip. The authors concluded that hand spacing significantly
affects the muscular activity of the pectoralis major and the triceps brachii and that a narrow grip
elicits the greater response (Barnett, Kippers, & Turner, 1995). As the movement in the bench
press and the movement of the push-up are similar, these results should be applicable to the
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push-up supporting the hypothesis that a wide hand position may be more efficient for the pushup similar to the bench press.

Clemons and Aaron (1997) conducted a similar study of myoelectric activity in the prime
movers of a 1-RM free weight bench press. The subjects in their study were 12 males with
varying levels of weight training experience ranging from 4 to 15 years. The researchers first
recorded maximum voluntary isometric contractions (MVIC) for purposes of normalization. The
researchers then recorded EMG activity of the prime movers of the bench press (pectoralis
major, anterior deltoid, triceps and biceps) during horizontal bench presses in each of four grip
widths: G1 – 100% of the biacromial breadth (BAB) determined by palpating and marking the
acromion bilaterally, G2 – 130% of G1, G3 – 165% of G1, and G4 – 190% of G1. The load for
each trial was 80% of the 1-RM determined using the G1 hand position. Muscular activity was
recorded during the concentric phase of the single repetition trials at each of the grip widths. The
trials were separated by a self determined rest period of no less than two minutes. The
researchers found no significant differences among the grip width by muscle interaction. They
did report progressively greater % MVIC for the collective set of prime movers at the wider grip
widths. However, this was only significant between the G4 and G1 and G4 and G2 (p < 0.05)
(Clemmons & Aaron, 1997). It is logical to assume that greater muscular activity would
translate into reduced performance but as the researchers used the same weight for each
condition it is not known if this was in fact the case. It should also be noted that the researchers
did not randomize the order and though recovery time was allowed, the increased muscular
activity in each of the subsequent trials may have been an order effect. These findings indicate
that a very wide hand position (in this case 190% of bi-acromial breadth) may not be optimum
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for the bench press and consequently not optimum for the push-up. The findings do support that
hand positioning affects bench press performance and should therefore be standardized in any
testing. As there is a correlation between bench press performance and push-up performance, the
same would likely hold true for push-up testing.

Clemmons and Aaron’s (1997) research was essentially a follow up to research
conducted by Wagner and colleagues in 1992. Wagner et al. (1992) studied the effects of grip
width, chest depth, limb lengths, and bar path on the performance of a maximal bench press in 24
experienced male weight trainers. Wagner et al. (1992), had the subjects perform 1-RM bench
presses on six occasions, separated by at least 48 hours. The grip width during each trial was
randomly determined based on varying grip widths described as G1 - 95% of biacromial breadth
(BAB), G2 – 130% BAB, G3 - 165% BAB, G4 – 200% BAB, G5 - 235% BAB and G6 – 270%
BAB. The researchers reported that generally the subjects were able to lift greater weights at the
moderate widths (G3 and G4) than at either the narrower or wider grip widths (p < 0.05).
Weights lifted at G3 and G4 were significantly greater than G1, G5, and G6 (p < 0.05). G4 was
also significantly greater than G2. G2 was significantly greater than G1 (p < 0.05). Bench press
strength at G1 and G2 was not significantly different from bench press strength at G5 and G6 (p
> 0.05) (Wagner et al., 1992). The findings reinforce that hand positioning affects performance
of the bench press. Applying these findings to push-up performance would indicate that the most
effective hand position is somewhat wider than shoulder width but not wider than 200% of
shoulder width.
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Lehman (2005) conducted a study on the influence of grip width and forearm
pronation/supination on the upper body myoelectric activity during the flat bench press. Twelve
weight trained males with a mean age of 26.3 ± 1.5 years participated in the study. The subjects
performed two 5-second isometric holds during the bench press with the bar raised one inch
above the chest and five cm superior to the xiphoid process during each of five trials. The hand
position was varied in each trial. Hand positions were middle defined as 100% of Bi-Acromial
distance (BAD) with pronated (forward) grip and 100% of BAD with supinated (reverse) grip;
wide defined 200% of BAD with pronated grip and 200% of BAD with reverse grip and narrow
pronated and supinated position with the hands separated by one hand width. EMG activity was
measured at the clavicular pectoralis major and the triceps brachii. It was found that supinating
the forearm increased muscular activity in the pectoralis relative to the pronated wide grip and
pronated narrow grip. The highest levels of muscular activity in the triceps were found in the
narrow pronated grip. Supination had no affects on triceps muscular activity. Of interest in
comparison with push-up hand positions, significantly more (p < 0.05) muscular activity of the
sternoclavicular pectoralis major was reported in the forward grip narrow positions than the
wide, and significantly less muscular activity of the triceps were reported for the forward grip
wide, than for the middle and narrow positions (p , 0.05). The author concluded that a narrow
grip width will increase activation of the triceps muscle. (Lehman, 2005). This further reinforces
the previous findings that hand position affects bench press performance and that a wider
position may be more efficient than a narrow position.

From examining these studies it appears the optimum grip width for bench press and
consequently for push-ups, would be moderately wide. This position reduces the distance the bar
16

(or body) travels and provides for optimal biomechanical advantage by placing the joints at
optimal angles and the muscles at optimal length (Abendroth-Smith & Griswold, 1998; Barnett,
Kippers, & Turner, 1995; Clemmons & Aaron, 1997; Lehman, 2005). However, none of these
studies have examined the effects of altering hand position on maximum numbers of push-ups
performed in a single session. The reviewed studies clearly indicate the effects of varied hand
position on the muscular activity (Cogley et al., 2005; Gouvali & Boudolos, 2005), joint torque
(Donkers, et al., 1993), and ground reaction forces (Gouvali & Boudolos, 2005), produced
during sub-maximal push-ups and single repetition and sub-maximal bench press (AbendrothSmith & Griswold, 1998; Barnett et al., 1995; Clemmons & Aaron, 1997; Lehman, 2005),
however the literature lacks information on how the variable of changing hand position affects
performance in a maximal push-up test. Reviewing the relevant studies supports the idea that the
optimum hand position for push-up performance is one in which the hands are aligned with the
shoulder joint and spaced wider than shoulder width but less than 200% of the intra-acromial
distance. There is an infinite variety of hand positions available during a push-up but most of the
reviewed studies tested hand widths of 50% of the intra-acromial distance, shoulder width (or
100% of intra-acromial distance) as well as a wider position varying from 150% of intraacromial distance to over 200% of intra-acromial distance. Those studies that examined push-up
hand position indicated that of the tested positions, the optimum hand position appeared to be
approximately 150% of the intra-acromial distance (Cogley, et al. 2005; Donkers, et al., 1993;
Gouvali & Boudolos, 2005). Therefore the purpose of this study is to examine the effects of
hand position on a push-up test to volitional fatigue and to determine if one position yields better
performance than the other. It is the hypothesis of this study that a hand position of 150% of the
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intra-acromial distance will be optimum to either a hand position of 100% of the intra-acromial
distance or a narrow position of 50% of the intra-acromial distance.
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METHODS

Thirty-six healthy male and female volunteers (21 males and 15 females) participated in
this study. Subjects were recruited from the faculty, staff and student populations through
postings at the University of Texas at El Paso, (UTEP) El Paso, TX. The subjects’ ages ranged
from 21 to 37 years of age (entry level age range for law enforcement and military is
approximately 18 to 39 years). See Table 1 for demographic information of the subjects.
The subjects completed a questionnaire regarding their exercise habits and relevant health
history. Subjects who reported a history of shoulder, elbow, or wrist injury were excluded from
this study. Subjects that could not perform five regular push-ups were excluded from the study.
No other criteria were used to disqualify participants. The study procedures were approved by
the University of Texas at El Paso Institutional Review Board, (UTEP, El Paso, TX). All
subjects read and signed an approved informed consent form prior to their participation in the
study.

Table 1. Mean ± SD Demographic Information of Subjects.
Sex

Age

Height

Weight

Body Fat

(years)

(cm)

(kg)

(%)

Female 25.00 ± 5.37 158.39 ± 5.91 57.7 ± 6.23
Male

26.01 ± 6.13

26.14 ± 4.17 175.28 ± 7.88 81.56 ± 13.65 15.9 ± 7.78
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The procedure consisted of each subject completing four trials, a single trial of each of
four different exercise variations (EV), with each subject acting as their own control. Data
collection took place at a designated research facility at the University of Texas at El Paso.
Subjects were instructed to wear standard workout clothing consisting of appropriate footwear, tshirt and shorts. The subjects wore similar clothing and the same footwear for each of the four
trials. The subjects reported to the research facility at approximately the same time of day for
each trial and were instructed to follow the same normal eating pattern for each of the days of the
trial. Upon entering the research facility descriptive information including each subject’s height
and weight were measured and noted using calibrated equipment. Body fat was estimated by air
displacement plethysmography (ADP) by a calibrated Bod PodTM (Life Measurement, INC,
Tarpon Springs, FL) using established and validated protocol (Dempster & Aitkens, 1995). The
subjects’ intra-acromial distance (IAD) was determined by palpating the acromial process and
measuring the distance between right and left processes with an anthropometer (Lafayette
Instrument Company, Lafayette, ID). Figure 1 illustrates the use of the anthropometer to
determine the IAD.

Figure 1. Measuring the IAD with an Anthropometric Device
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For all trials, the subjects completed a warm up by performing a series of dynamic
movements of the glenohumeral and elbow joints. All push-ups were performed on the same
surface, a non slip rubber gym floor (Venture Products, Fairfield NJ). The gym floor was
marked with a 5 cm grid pattern to aid in measurement and to ensure proper hand and foot
placement. The self-selected push-up position (SS) was established and recorded so that it could
be replicated at a later time. This was done prior to any push-up trials in order to prevent a
learning affect wherein the subjects may have adopted one of the other positions as their selfselected position. Each trial was a randomly selected variation from among all four positions.
To record the SS the subject assumed their self-selected push-up position and this position was
marked on the grid and recorded using the following anatomical landmarks: Foot coordinates the center of the toe portion of the left and right shoe; Hand coordinates - the notch formed at the
base of the palm where the palmaris longus ligament bisects the wrist (Figure 2); and the jugular
notch coordinate. The jugular notch coordinate was established by dropping a plumb bob from
the notch while the subject was in the “up” push-up position. (Figures 3 and 4). The coordinates
for the positions were recorded as X and Y coordinates as the distance in cm from the left and
bottom respective edges of the grid. The vertical distance, designated as the difference between
the Y-coordinate of the jugular notch and the mean of the Y-coordinates of the two hands, was
calculated and recorded. Figure 2 illustrates the method use to determine the jugular notch
coordinate of the SS position.
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Figure 2. Determining the SS Hand Coordinate

Figure 3. Determining the SS Jugular Coordinate

Figure 4. Plumb Bob from the SS Jugular Position to the Grid
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The other hand positions were designated as Shoulder Width (SW) -100% of IAD, Wide
(W) – 150% of IAD, and narrow (N) – 50% of IAD. For these other positions the vertical
position of the hands was standardized so that the hand coordinates were positioned directly
under the shoulder joint. These hand positions were aligned directly under the shoulder joint as
per the procedures utilized by Gouvali and Boudolos (2005), and determined by hanging a plumb
line along the distal edge of the deltoid muscle as per the procedure utilized by Cooley et al.,
2005.
The subjects performed all push-up trials in random order so as to minimize potential
order effect. Subjects were allowed a 2 to 3 day recovery period between trials to minimize
potential effects of fatigue prior to completing the subsequent trials. The subjects were
instructed to continue their normal physical activity on the rest days but to refrain from
performing any exhaustive upper body exercise. Prior to each trial they were asked to self
evaluate their physical condition and report if they felt significantly different from the previous
trials. Subjects were instructed to perform the designated push-up starting from the floor and
rising and lowering to a 3-second audible cadence (1.5 seconds up and 1.5 seconds down).
Though the use of a cadence has been found to reduce the maximum repetitions during push-up
testing (La Chance & Hortobagyi, 1994), the standard cadence was used to minimize the
influence of varying velocities of contraction on muscle performance and forces. The down
position was determined to be when the upper arm was parallel to the floor. Subjects were given
a single practice trial on the first day of testing to become familiar with the mechanical demands
of the desired movement and to familiarize them with the cadence. The subjects were given no
verbal encouragement other than prompts for form corrections. The subjects performed all pushup trials until volitional fatigue or until the form deteriorated for more than one push-up. If the
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subject was unable to correct their form immediately following the verbal prompt, the trial was
concluded. The subjects were not informed of the results until all trials were completed.

Statistical Analysis

Data were analyzed with repeated measures analyses of variance (ANOVA), having one
between-subjects factor (sex) and one repeated measure (hand position) to examine differences
in push-up performance between men and women and among the four hand positions.
Bonferroni-adjusted post hoc comparisons were used to determine which hand positions differed.
Statistical significance was established at p < 0.05 for all tests. Statistical procedures were
performed with the SPSS 15.0 for Windows (SPSS Inc., Chicago, IL) statistical package.
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RESULTS

The mean number of push-ups completed by the subjects in the Self-Selected (SS) pushup position was 23 ± 13 (Table 2). In the Wide (W) position it was 25 ± 15. In the Shoulder
Width (SW) it was 20 ± 13 and in the Narrow (N) position the number of push-ups was 20 ± 7.
As shown in Figure 5, Males performed significantly more push-ups than females in all four
conditions (p < 0.01). However, there was no significantly different gender effect on the pattern
of push-up performance. In the SS the mean number of push-ups completed by the female
subjects was 16 ± 8, for the male subjects it was 28 ± 13. In the W position females completed
16 ± 7 and the males completed 32 ± 16. In the SW females completed 11 ± 7and the males
completed 27 ± 12. In the N position females completed 8 ± 7 and the males completed 15 ± 9.
Individual results are depicted in the appendix in Table 4.

Analysis of data derived from all participants revealed significant differences between the
four push-up conditions (Table 3). As a group the subjects were able to perform significantly
more Wide push-ups than Self-Selected, Shoulder Width or Narrow (p < 0.01). When analyzed
as separate groups, as shown in Table 3 and Figure 5, both male and female subjects were able to
perform significantly more Wide push-ups than Narrow (p < 0.01). Among females significant
differences existed between all conditions (p < 0.05), except between SS and W (p > 0.05).
Among the male subjects significant differences (p < 0.01) existed between all conditions except
between the SS and the SW (p > 0.05).
As shown in Table 3, there was some variation in self-selected hand positions. Among
the females, SS hand position was 154.16% ± 19.32% of the IAD and the hands were placed
vertically 2.69 ± 4.56 cm inferior to the jugular notch. The males mean self-selected position
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was 138.85% ± 30.02% of IAD with the hands placed 3.26 ± 5.72 cm superior to the jugular
notch. Individual self-selected position data are displayed in the appendix in Table 5.

Push-up Test Results
35.00
Wide
30.00
Self Selected
SW

# of Push-ups

25.00

Narrow

20.00

Females
Males

Wide
15.00

Self Selected

SW
10.00
Narrow
5.00

0.00
Hand Position

Figure 5. Females vs. Males Push-up Test Results
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Table 2. Mean ± SD Aggregate Results of Push-Up Trials
Group

Self Selected (SS)

Wide (W)

SW (SW)

Narrow (N)

(# of Push-ups)

(# of Push-ups)

(# of Push-ups)

(# of Push-ups)

Females

16 ± 8∞‡

17 ± 7†‡

11 ± 7*§‡

8 ± 7*§†

Males

28 ± 13§‡

32 ± 16*†‡

27 ± 12§‡

15 ± 9*§†

All

23 ± 13§†‡

25 ± 15*†‡

20 ± 13*§‡

20 ± 7*§†

* Significantly different from SS (p < 0.01). § Significantly different from W (p < 0.01).
† Significantly different from SW (p < 0.01). ∞ Significantly different from SW (p < 0.05).
‡ Significantly different from N (p < 0.01).

Table 3. Mean ± SD Self Selected Hand Width
Hand Width
Group
(%IAD)

Vertical
(cm)

Females

154.16% ± 19.32%

-2.69 ± 4.56

Males

138.85% ± 30.02%

3.26 ± 5.72

Vertical Values are distance in cm from the Jugular Notch. Positive values are superior to the
notch and negative values are inferior to the notch. All values are mean ± SD.
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DISCUSSION

Previous studies have indicated that hand position significantly affects the EMG activity
(Cogley et al., 2005; Gouvali & Boudolos, 2005), ground reaction forces (Gouvali & Boudolos,
2005) and elbow joint loads (Donkers et al., 1993) during single or a sub-maximal number of
push-ups. However no previous research was found that analyzed the effect of hand positioning
on the results of a maximum push-up test. Therefore, the purpose of this study was to examine
the effect of changing hand position on performance in a push-up test to exhaustion. The results
of this study revealed significant differences in performance of a maximum push-up test among
the varied hand positions. The results of this study appear to confirm the hypothesis that hand
position does affect the results of a maximum push-up test.

Though the results of this study revealed that a wide position (150% of IAD) is more
preferable compared to a shoulder width position (100% of IAD) or a narrow position (50% of
IAD), it is not clear if the 150% of IAD is, in fact, a generalized optimum hand position. The
majority of the subjects in this study were able to perform significantly more push-ups in the
wide position compared to the other positions. This would be consistent with the findings of the
studies on EMG activity (Cogley et al. 2005; Gouvali & Boudolos, 2005), ground reaction forces
(Gouvali & Boudolos, 2005), and elbow joint loads (Donkers, et al., 1993), during push-ups.
However, in this study the wide position of 150% of IAD was not consistently advantageous.
Among those subjects whose self-selected positions were wider than 150% of their IAD, some
performed better in the self-selected position than in the 150% of IAD position. This may
indicate that an optimum position is wider than 150% of IAD. This may be in accordance with a
recommendation of a hand position wider than 160% of IAD, stated in studies on optimum hand
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positioning during the bench press (Abendroth-Smith & Griswold, 1998; Barnett, Kippers, &
Turner, 1995; Clemmons & Aaron, 1997; Lehman, 2005). The hand position of 150% of IAD
was used in this study as it was more consistent with the protocol used in the studies on push-ups
(Cogley et al. 2005; Donkers et al., 1993; Gouvali & Boudolos, 2005). The determination of the
widths of the hand positions in this and the reviewed studies is arbitrary as there is an infinite
variety of hand positions. An absolute optimum hand position is therefore unlikely but a
generalized relative hand position may exist that is dependant on individual arm segment length.
Further research is needed to determine if this theoretical optimum hand positioning for
maximum push-ups may be wider than 150% of the IAD.

This study did not attempt to determine the reason changing hand positions affects pushup performance however it appears that it may in part be due to the length-tension relationship of
the working muscles and optimizing the joint angles for more efficient movement. The lengthtension curve suggests the existence of an optimum length in which the muscle fibesr and
specifically the sarcomere, produces its maximal strength, as it influences the number of crossed
bridges that interact between myosin and the active sites of actin (Gordon , Huxley, & Julian,
1996). It may be that the wider position places the working muscle fibers at a more
advantageous length during the push-up movement than a narrower position does.

Another explanation for the differences in push-up performance among the varied hand
positions may be in optimizing the joint angles so as to maximize the biomechanical advantage
of the role of the joint as the fulcrum. In a study of strength differences following an acute
exposure to full and partial range-of-motion (ROM) bench press exercise, Mookerjee and
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Ratamess (1999) found that individuals’ partial range of motion (ROM) bench press performance
increased significantly for both single repetition maximum (1-RM) and five repetition maximum
(5-RM) conditions (4.8 and 4.1%, respectively, p < 0.05) than in a full ROM bench press. Their
analysis revealed that in the partial ROM the elbow angle did not vary from 90º as significantly
as it did in the full range of motion. The researchers believed that efficiency was greater when
the elbow was at or near 90º and therefore the subjects were able to lift more weight when the
ROM was limited to that range (Mookerjee & Ratamess, 1999). The movement at the elbow
joint in a bench press is similar to the movement at the elbow joint in a bench press. From
observing the performance in the varied push-up conditions of this study, elbow joint angle did
not appear to vary as much from 90º in the wider positions as they did in the more narrow
positions. It may be that maintaining a near 90º angle at the elbow during a push-up maximizes
muscular efficiency. Further research is needed to confirm this as the joint angle during the
push-up is based solely on visual observation and not on measuring the angles during the actual
push-up.

Another reason for the differences in push-up performance among the varied hand
positions may be due to the change in the amount of work performed. As work is equal to the
distance an object is moved times the mass of the object, decreasing the distance would decrease
the work. Though the actual distances the subjects’ bodies moved during the four push-up trials
were not measured, it is evident that the wider positions shortened the distance and therefore
decreased the work. A trial measurement of one subject revealed that the distance from the
ascending phase of the push-up to the descending phase of the push-up was 2.4 cm greater in the
narrow position than in the wide position. This subject’s mass was 70 kg. Assuming that 70%
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of the body weight was lifted with each push-up, this would amount to an increase in work of
approximately 1.18 joules per push up in the narrow position versus the wide. Again, further
research is needed to determine if and how much this affected the performance.

Conclusion

This study suggests that hand positioning does affect performance and that a wide
position yields better performance than a shoulder width or narrow position. The self-selected
position of this study ranged from 71.43% to 177.78% of the intra-acromial distance. Due to the
variations in self-selected hand positions and the significant effects demonstrated by the change
in hand positions; any push-up testing should specify the exact hand position. This would be
especially important in cases where a push-up test is used as a pre-test and post-test to determine
the effectiveness of some treatment or exercise program. If the researcher does not ensure that
the pre-test hand position and the post-test hand position are the same, any differences in pre-test
and post-test push-up performance may be due wholly or in part to hand positioning rather than
the treatment or exercise program.

Among law enforcement agencies and other entities that perform standardized physical
fitness test that include push-up testing, there is considerable variation in the hand positioning
during push-ups performance in both training and in testing (Anderson et al., 2001; Bonneau &
Brown, 1995; Gaines et al., 1993; Hoffman & Collingwood, 2005). Females are
underrepresented in both military and law enforcement occupations (Birzer & Craig, 1996). As
of the latest Department of Defense report on social representation in the U.S. Military Services,
including the Coast Guard, women comprised only 14 percent of United States Armed Forces
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(U.S. Department of Defense, 2005). Nationwide, women hold slightly less than 12 percent of
the more than 683,000 sworn (having arrest powers) law enforcement positions in the United
States (U.S. Department of Justice, 2007). Though there are many factors that contribute to the
under representation of females, not the least of which is relatively poor performance in
standardized fitness tests (Birzer & Craig 1996; Laughlin & Busk, 2007; Robinson, 1995; Sharp
et al., 2002). This study indicated females’ push-up performance was significantly improved by
utilizing a hand position that was equal to 150% of IAD rather than a hand position that was
100% of IAD or 50% of IAD. The use of a wide hand position that yields improved push-up
performance could increase females’ chances of passing military and law enforcement physical
fitness entrance examinations.

The results of this study may also be of interest for individuals utilizing push-ups in an
exercise program to improve muscular fitness. This study appears to confirm the findings of the
previous research that indicate that a narrow hand position increases the muscular activity of a
push-up (Cogley et al. 2005; Gouvali & Boudolos, 2005), as the individuals in this study reached
fatigue during the narrow position sooner than during the wider positions. This would indicate
that the narrow position would be a more demanding and therefore more effective exercise than
the shoulder width or wide push-up. Individuals that use push-ups as part of their upper body
muscular fitness program should benefit from varying the hand position to include a narrow hand
position wherein the hands are placed approximately 50% of shoulder width.
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APPENDIX

Table 4. Individual Results of Push-up Trials
ID
Self Selected
Wide
Shoulder Width
Narrow
(# of Push-ups) (# of Push-ups) (# of Push-ups) (# of Push-ups)
F01
17.00
25.00
22.00
14.00
F02
12.00
21.00
7.00
4.00
F03
10.00
15.00
14.00
11.00
F04
22.00
24.00
14.00
15.00
F05
8.00
11.00
9.00
3.00
F06
4.00
9.00
4.00
1.00
F07
38.00
33.00
26.00
27.00
F08
14.00
17.00
11.00
9.00
F09
19.00
16.00
13.00
9.00
F10
15.00
9.00
1.00
3.00
F11
11.00
15.00
5.00
1.00
F12
8.00
11.00
9.00
4.00
F13
20.00
17.00
14.00
3.00
F14
16.00
12.00
8.00
3.00
F15
20.00
16.00
7.00
6.00
M01
35.00
38.00
25.00
12.00
24.00
28.00
22.00
21.00
M02
M03
75.00
91.00
69.00
35.00
M04
16.00
23.00
21.00
27.00
M05
12.00
13.00
10.00
6.00
M06
27.00
31.00
33.00
20.00
31.00
36.00
25.00
20.00
M07
M08
25.00
30.00
26.00
23.00
M09
23.00
25.00
19.00
17.00
M10
42.00
37.00
30.00
21.00
M11
30.00
29.00
28.00
24.00
19.00
23.00
19.00
15.00
M12
M13
34.00
49.00
34.00
32.00
M14
30.00
35.00
29.00
20.00
M15
20.00
22.00
20.00
12.00
M16
27.00
33.00
31.00
26.00
24.00
29.00
26.00
22.00
M17
M18
19.00
26.00
25.00
22.00
M19
18.00
23.00
14.00
12.00
M20
18.00
20.00
18.00
14.00
M21
41.00
36.00
35.00
27.00
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Table 5. Individual Self-Selected Hand Width
Subject

Hand Width
(%IAD)
138.74%
118.42%
138.03%
175.68%
180.56%
137.25%
177.78%
140.30%
175.76%
168.57%
151.90%
133.33%
158.90%
165.00%
152.11%

Vertical
(cm)
1.00
-1.90
0.50
-7.50
-10.50
-4.50
-1.50
3.50
-2.00
2.50
0.00
2.00
-10.00
-8.00
-4.00

Subject

Hand Width
Vertical
(%IAD)
(cm)
F01
M01
173.08%
0.50
F02
M02
140.48%
-1.50
F03
M03
137.66%
3.00
F04
M04
132.56%
-11.50
F05
M05
138.82%
8.00
F06
M06
71.43%
15.50
F07
M07
118.52%
5.00
F08
M08
124.71%
12.50
F09
M09
160.09%
8.50
F10
M10
143.92%
-1.50
F11
M11
186.11%
0.50
F12
M12
122.67%
-1.00
F13
M13
125.00%
2.00
F14
M14
140.00%
5.00
F15
M15
121.84%
5.00
M16
134.21%
3.50
M17
158.97%
2.00
M18
139.81%
3.50
M19
146.99%
0.00
M20
136.57%
9.50
M21
162.50%
0.00
Vertical Values are distance in cm from the Jugular Notch. Positive values are superior to the
notch and negative values are inferior to the notch.
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